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PXVLF UHFRPPHQGDWLRQ EHDW WUDFNLQJ WR DXGLR ILQJHUSULQWLQJ ,Q WKLV ZRUN ZH IRFXV RQ DXWRPDWLF PXVLF JHQUH
FODVVLILFDWLRQVLQFHPXVLFJHQUH LVDQ LPSRUWDQWPXVLFGHVFULSWRU WKDWFDQEHXVHG WRDXWRPDWLFDOO\RUJDQL]H ODUJH
FROOHFWLRQVRIPXVLFLQWRSOD\OLVWVDVSHUXVHU¶VPRRG&RPPHUFLDODSSOLFDWLRQVVXFKDV6KD]DP3DQGRUD/DVW)0
DQG6SRWLI\KDYHEHHQGHYHORSHG WRDLG WKLVJRDO LQ WKH UHFHQW \HDUV $SSOLFDWLRQVDUHHQYLVDJHG IRU VPDUWSKRQHV
ZKHUH WKHPXVLFFROOHFWLRQ FDQEHDXWRPDWLFDOO\JURXSHGDVSHUJHQUH WRHQULFKXVHU¶V OLVWHQLQJH[SHULHQFH)URP
PDFKLQH OHDUQLQJ SHUVSHFWLYH WKH WDVN RI JHQUH FODVVLILFDWLRQ LV QRQWULYLDO GXH WR WKH IDFW WKDW WKH GHILQLWLRQ RI
JHQUHV DUH VWLOO LOOGHILQHG DVZHOO DV WKHPXVLF VLJQDOV DUH WLPHYDU\LQJ FRPSOH[ VLJQDOV UHTXLULQJSURFHVVLQJRI
KLJKGLPHQVLRQDO YDOXHV 7KXV D UHGXFHG IHDWXUH UHSUHVHQWDWLRQ LV UHTXLUHG IRU PRVW ZRUN LQ0,5 IROORZHG E\
IHDWXUHFODVVLILFDWLRQVWDJHIRUJHQUHFODVVLILFDWLRQSUREOHP
 5HODWHG:RUN
0HOIUHTXHQF\ FHSVWUDO FRHIILFLHQWV 0)&& IHDWXUHV ZHUH H[WUDFWHG DQG *DXVVLDQ 0L[WXUH 0RGHO *00
FODVVLILHUZDVXVHGE\)OH[HUIROORZHGE\DVWDWLVWLFDOHYDOXDWLRQRIWKHJHQUHFODVVLILFDWLRQH[SHULPHQW0RGXODWLRQ
VSHFWUDOFRQWUDVWIHDWXUHVXVLQJRFWDYHPXVLFVFDOHZHUHSURSRVHGE\/HHHWDODVDPRGLILFDWLRQRIWKHFRQYHQWLRQDO
RFWDYH VSHFWUDO FRQWUDVW IHDWXUHV0XVLFDO VXUIDFH DQG UK\WKP IHDWXUHV ZHUH H[WUDFWHG E\ 7]DQHWDNLV WR GHYHORS





FRUUHODWLRQSDWWHUQ DPRQJRWKHUVZHUH IXVHG E\6H\HUOHKQHU HW DO XVLQJGLVWDQFH VSDFHQRUPDOL]DWLRQ IRUYDULRXV
PXVLFJHQUHGDWDVHWV,QVWDQFHVHOHFWLRQSURFHVVZDVXVHGE\0LJXHOHWDOSULRUWR690FODVVLILHUWUDLQLQJUHVXOWLQJ
LQ IDVWHU FODVVLILFDWLRQ ZLWK DERXW  FODVVLILFDWLRQ IRU  JHQUHV IURP /DWLQ 0XVLF 'DWDVHW 1RUWK ,QGLDQ
GHYRWLRQDOPXVLFJHQUHVZHUH FODVVLILHG E\6XMHHW HW DO XVLQJ WHPSRDQGPRGXODWLRQ VSHFWUD RI WLPEUDO IHDWXUHV






+XDQJ HW DO IRU VHOHFWLQJ WKHPRVW DSSURSULDWH IHDWXUHV IURP WKH VHW RI FRQYHQWLRQDO IHDWXUHV $XFRXWXULHU DQG
3DFKHW ULJKWO\ FODLPHG WKDW LW LV RQO\ ZLWK HIILFLHQW FRQWHQW PDQDJHPHQW WHFKQLTXHV VXFK DV DXWRPDWLF JHQUH




2. Music Features 
9DULRXV IHDWXUHV DUH H[WUDFWHG IRU HDFK PXVLF VLJQDO EURDGO\ FDWHJRUL]HG LQWR FRPSXWDWLRQDO IHDWXUHV DQG
SHUFHSWXDOIHDWXUHV7KHFRPSXWDWLRQDOIHDWXUHVGRQRWFRQYH\DQ\VSHFLILFPHDQLQJDERXWWKHJHQUHRIWKHVRQJEXW
RQO\GHVFULEH WKHPDWKHPDWLFDODQDO\VLVRIPXVLF VLJQDO7KH\DUH IXUWKHUFDWHJRUL]HG LQWRG\QDPLFVDQG VSHFWUDO
IHDWXUH VHW 7KH SHUFHSWXDO IHDWXUHVPDWKHPDWLFDOO\ UHSUHVHQWV WKHPXVLF SURSHUWLHV EDVHG RQ WKH KXPDQ DXGLWRU\
V\VWHP7KH\DUHIXUWKHUFDWHJRUL]HGLQWRUK\WKPDQGWRQDOIHDWXUHVHW,QWKHIROORZLQJZHXVHWKHQRWDWLRQRI[WR
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UDWH 7KH 506 IHDWXUH ZKLFK UHSUHVHQWV WKH JOREDO HQHUJ\ RI WKH PXVLF VLJQDO LV FRPSXWHG E\ WDNLQJ WKH URRW







5K\WKPLF IHDWXUHV SOD\ D GRPLQDQW UROH IRU GLIIHUHQWLDWLQJ PXVLF JHQUHV DQG DUH EDVHG RQ WKH WLPH LQWHUYDOV
















3XOVH FODULW\GHWHUPLQHV WKH VWUHQJWKRI UK\WKPLFSHULRGLFLWLHV DQGSXOVHV LQ WKHPXVLF VLJQDO DQG FRQYH\V WKH
LQIRUPDWLRQ DERXW KRZ HDVLO\ OLVWHQHUV FDQ SHUFHLYH WKH XQGHUO\LQJ SXOVDWLRQ LQ WKHPXVLF ,W LV HVWLPDWHG E\ WKH
UHODWLYH 6KDQQRQ HQWURS\ IURP WKH DXWRFRUUHODWLRQ IXQFWLRQ )OXFWXDWLRQ SDWWHUQV )3 GHVFULEH WKH DPSOLWXGH
PRGXODWLRQRI WKH ORXGQHVV G%SHUHDFK IUHTXHQF\EDQGRI WKH VSHFWURJUDP7KH UHVROXWLRQRI WKHPRGXODWLRQ
IUHTXHQF\LVLQWKHUDQJHRIWR+]ZKHUHWKHSHUFHSWLRQRIIOXFWXDWLRQVWUHQJWKLVPD[LPXPDURXQG+]
DQGGHFUHDVHVJUDGXDOO\7KHPRGXODWLRQ IUHTXHQFLHV DUHZHLJKWHG DFFRUGLQJ WR DPRGHO RI SHUFHLYHG IOXFWXDWLRQ
VWUHQJWK IROORZHG E\ *DXVVLDQ VPRRWKLQJ ILOWHU WR HQKDQFH WKH SDWWHUQV 7KH UHVXOWLQJ )3 LV D WZRGLPHQVLRQDO
PDWUL[ ZLWK URZV LQGLFDWLQJ IUHTXHQF\ EDQGV DQG FROXPQV LQGLFDWLQJPRGXODWLRQ IUHTXHQFLHV DQG HDFK HOHPHQW
LQGLFDWHV WKH IOXFWXDWLRQ VWUHQJWK 7KH IHDWXUHV FRPSXWHG IURP )3 DUH WKH SHDN SRVLWLRQ SHDN PDJQLWXGH DQG
FHQWURLG$GGLWLRQDOO\ WKHPD[LPXPYDOXH)3B0D[EDVV)3B%DVVGRPLQDWLRQRI ORZIUHTXHQFLHV)3B'/)
JUDYLW\ )3B* DQG IRFXV )3B) IHDWXUHV DUH FRPSXWHG IURP WKH)3PDWUL[ JLYHQE\(TV ±7KHEDVV LV




)RFXV IHDWXUH )3B)GHQRWHV WKHGLVWULEXWLRQRIHQHUJ\ LQ)3DQG LVFRPSXWHGDV WKHQRUPDOL]HGPHDQRIDOO)3
YDOXHV
 )3B0D[ PD[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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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2QVHWV DUH GHWHFWHG IURP WKHPXVLF VLJQDO ZKLFK UHSUHVHQWV WKH VWDUW WLPHV RI SHUFHSWXDOO\ UHOHYDQW DFRXVWLF
SRUWLRQV RI WKHPXVLF2QVHWV DUH GHWHUPLQHGZLWK WKH IROORZLQJ VWHSV D WKH DPSOLWXGH RI WKHPXVLF VDPSOHV LV
VTXDUHGEZLQGRZLQJRSHUDWLRQLVSHUIRUPHGIRUORFDODQDO\VLVFGLIIHUHQWLDWLRQDQGGKDOIZDYHUHFWLILFDWLRQLV
SHUIRUPHGWRILQDOO\HSLFNWKHSHDNVUHVXOWLQJLQRQVHWV)LJVKRZVWKHRQVHWVGHWHFWHGIRUVDPSOHVRIHOHFWURQLF






())**$$ DQG%7KH FKURPDJUDP LV D VSHFWURJUDP WKDW VKRZV WKHGLVWULEXWLRQRI VSHFWUDO HQHUJ\
DPRQJ HDFK RI WKH  SLWFKHV E\ PDSSLQJ WKH IUHTXHQFLHV RQWR DQ RFWDYH PXVLF VFDOH 7R FRPSXWH WKH FKURPD
IHDWXUHVWKHDXGLRVLJQDOLVWUDQVIRUPHGWRIUHTXHQF\GRPDLQXVLQJ')7IROORZHGE\ORJIUHTXHQF\ILOWHUEDQNZLWK
OLQHDUFHQWHUIUHTXHQFLHVIFRQDORJVFDOHJLYHQE\(TZKHUH IPLQLVWKHPLQLPXPDQDO\VLVIUHTXHQF\ȕ ELQV
SHURFWDYH= QXPEHURIRFWDYHVDQGNOI  LQWHJHU ILOWHU LQGH[EHWZHHQ WRȕ=7KHFKURPDLVGHWHUPLQHGE\
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WKHVRXQGRIPXVLFIHHOV OLNH7KHVSHFWUDOVSUHDGVHFRQGFHQWUDOPRPHQW UHIHUV WR WKHVWDQGDUGGHYLDWLRQRI WKH
VSHFWUXP 7KH VSHFWUDO VNHZQHVV WKLUG FHQWUDO PRPHQW UHIHUV WR WKH PHDVXUH RI V\PPHWU\ RI WKH VSHFWUDO
GLVWULEXWLRQ7KHVSHFWUDONXUWRVLV IRXUWKFHQWUDOPRPHQW UHIHUV WR WKHSHDNLQHVVRI WKHVSHFWUDOGLVWULEXWLRQ 7KH
VSHFWUDO IODWQHVV LQGLFDWHVZKHWKHU WKH VSHFWUXPGLVWULEXWLRQ LV VPRRWKIODW RU VSLN\ DQG LV FRPSXWHG DV WKH UDWLR
EHWZHHQWKHJHRPHWULFPHDQDQGWKHDULWKPHWLFPHDQRIWKHVSHFWUXP7KHVSHFWUDOIOX[UHIHUVWRYDULDELOLW\RIWKH
VSHFWUXP EHWZHHQ IUDPHV DQG LV FRPSXWHG DV WKH GLVWDQFH EHWZHHQ WKH VSHFWUD RI HDFK VXFFHVVLYH IUDPHV 7KH
VSHFWUDO EULJKWQHVV UHIHUV WR DPRXQW RI HQHUJ\ DERYH D VSHFLILF FXWRII IUHTXHQF\ 7KH VSHFWUDO HQWURS\ UHIHUV WR
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
)RU WKH FRPSXWDWLRQ RI0)&& IHDWXUHV WKH VSHFWUXP LV FRQYHUWHG WR D SHUFHSWXDOO\PRWLYDWHG0HO IUHTXHQF\
VFDOH 'LVFUHWH FRVLQH WUDQVIRUP LV DSSOLHG WR WKH 0HOILOWHUHG ORJ VSHFWUXP IURP ZKLFK RQO\ WKH ILUVW  GH
FRUUHODWHGFRHIILFLHQWVDUHH[WUDFWHGDV LOOXVWUDWHG LQ)LJ)XUWKHU WRFRQVLGHU WKH WHPSRUDOHYROXWLRQRI0)&&
IHDWXUHV GHOWD '0)&& DQG GRXEOHGHOWD ''0)&& IHDWXUHV DUH FRPSXWHG UHIHUULQJ WR YHORFLW\ DQG
DFFHOHUDWLRQ
7DEOH)HDWXUHVH[WUDFWHGIURPPXVLFVLJQDO
Feature Set # Features Feature Set # Features
Dynamics  506HQHUJ\PVWG  Spectral  &HQWURLGPVWG
  =&5PVWG    6SUHDGPVWG
  /RZ(QHUJ\5DWHP    6NHZQHVVPVWG
Rhythm  7HPSRPVWG    .XUWRVLVPVWG
  %HDW6XPPVWG    )ODWQHVVPVWG
  6WURQJHVW%HDWPVWG    )OX[PVWG
  6WUHQJWKRI6WURQJHVW%HDWPVWG    %ULJKWQHVVPVWG
  3XOVH&ODULW\P    (QWURS\PVWG
  )33HDNSRVPDJP    5ROORIIDQGPVWG
  )3&HQWURLGP    5RXJKQHVVPVWG
  )36WDWLVWLFV0D[LPXP%DVV
'/)*UDYLW\)RFXV
   ,UUHJXODULW\PVWG
  2QVHWV3HDNSRVPDJP    &RPSDFWQHVVPVWG
  5K\WKP$WWDFNWLPHVORSHPVWG    0)&&PVWG
Tonal  &KURPDJUDP3HDNSRVPDJPVWG    '0)&&PVWG
  &KURPDJUDP&HQWURLGPVWG    ''0)&&PVWG
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  .H\&ODULW\	0RGHPVWG    
  +&')PVWG    

)RU WKH YDULRXV IHDWXUHV H[WUDFWHG ZH FRPSXWH WKH PHDQ P DQG VWDQGDUG GHYLDWLRQ VWG IRU D UHGXFHG
GHVFULSWLRQRI HDFK IHDWXUH FRQWRXU7KXV RYHUDOO  IHDWXUHV DUH H[WUDFWHG IURPHDFKPXVLF VLJQDO DV VKRZQ LQ
7DEOH$OWKRXJKWKHH[WUDFWHGIHDWXUHVDUHDEOHWRFDSWXUHUHOHYDQWDVSHFWVRIWKHPXVLFVLJQDOLWLVGHVLUDEOHWR
UHGXFH WKH QXPEHU RI IHDWXUHV WR DYRLG WKH FXUVH RI GLPHQVLRQDOLW\ IRU WKH FODVVLILHU )XUWKHU LW LV GHVLUDEOH WR
UHPRYHDQ\FRUUHODWLRQEHWZHHQWKHH[WUDFWHGIHDWXUHVVLQFHWKHFRUUHODWHGIHDWXUHVZLOOPLVOHDGWKHFODVVLILHUGXULQJ
WUDLQLQJ7KH DLPRI IHDWXUH VHOHFWLRQPHFKDQLVP LV WRPD[LPL]H LQWHULQWUD FODVV UDWLR LHPD[LPL]H WKH IHDWXUH






)LJ  VKRZV WKHER[SORWV RI VHOHFWHG IHDWXUHV DFURVV JHQUHVZKHUH HDFKER[ KDV D OLQH DW WKH ORZHUTXDUWLOH
PHGLDQDQGXSSHUTXDUWLOHYDOXHV7KHZKLVNHUVH[WHQGWRWKHPRVWH[WUHPHIHDWXUHYDOXHZLWKLQWLPHVWKHLQWHU
TXDUWLOHUDQJH2XWOLHUVDUHIHDWXUHYDOXHVEH\RQGWKHZKLVNHUVDQGPDUNHGZLWKµ¶:HREVHUYHWKDWKLSKRSJHQUH
KDV GLVWLQJXLVKLQJ IHDWXUHV UHODWLYH WR RWKHU JHQUHV DQG WKHPHGLDQ YDOXHV RI IHDWXUHV DUHPRVWO\ GLVWLQFW IRU DOO
JHQUHV
7DEOH5HGXFHGIHDWXUHVE\&)6IHDWXUHVHOHFWLRQWHFKQLTXH
Feature Set # Features Feature Set # Features
Dynamics  506HQHUJ\VWG  Spectral  &HQWURLGVWG
  =&5VWG    6NHZQHVVP
Rhythm  %HDW6XPP    (QWURS\P
 6WURQJHVW%HDWVWG    )ODWQHVVP
  6WUHQJWKRI6WURQJHVW%HDWVWG    5RXJKQHVVPVWG
  )3&HQWURLGP    ,UUHJXODULW\P
  3XOVH&ODULW\    &RPSDFWQHVVP
  )36WDWLVWLFV0D[LPXP%DVV
'/)*UDYLW\)RFXV
   0)&&PVWGPP
VWG
Tonal  &KURPDJUDP3HDNSRVVWG    '0)&&VWG
  .H\&ODULW\P    ''0)&&VWG
  .H\0RGHPVWG    
   
)LJ%R[SORWVRIVHOHFWHGIHDWXUHV%HDW6XP&KURPDJUDP3HDN3RVLWLRQ)OXFWXDWLRQ&HQWURLGDQGVW0)&&IURPOHIWWRULJKW
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3. Feature Classification using PUK Kernel  
7KH PDMRULW\ RI PXVLF FODVVLILFDWLRQ WDVNV VXFK DV JHQUH FODVVLILFDWLRQ PXVLF VHJPHQWDWLRQ DQG FKRUG
UHFRJQLWLRQW\SLFDOO\XVHNQHDUHVWQHLJKERU.11VXSSRUWYHFWRUPDFKLQHV690DQG*DXVVLDQPL[WXUHPRGHO
*00690VKDYHEHHQVKRZQWRSHUIRUPEHVWIRUPXVLFUHODWHGIHDWXUHVDVLQSXW7KXVZHXVHWKHVXSHUYLVHG
690 FODVVLILHU XVLQJ WKH LPSOHPHQWDWLRQ RI VHTXHQWLDO PLQLPDO RSWLPL]DWLRQ 602 DOJRULWKP LPSOHPHQWHG LQ
:(.$:DLNDWR(QYLURQPHQWIRU.QRZOHGJH$QDO\VLVGDWDPLQLQJWRRONLW,QLWVVWDQGDUGIRUP690LVDELQDU\






KLJKGLPHQVLRQDO VSDFH ZKHUH OLQHDU VHSDUDWLRQ PD\ EH SRVVLEOH 9DULRXV NHUQHOV KDYH EHHQ XVHG LQ 690 WKDW
VDWLVI\0HUFHU¶VFRQGLWLRQOLQHDUNHUQHOSRO\QRPLDONHUQHOUDGLDOEDVLVIXQFWLRQ5%)NHUQHODQGVLJPRLGNHUQHO
7\SLFDOO\DNIROGFURVVYDOLGDWLRQ LVSHUIRUPHG WRRSWLPDOO\GHWHUPLQH WKHNHUQHOSDUDPHWHUVDVZHOODV WKHFRVW
SDUDPHWHU&
  
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  

O O O
L L M L M L M
L L M
Z \ \ .D D DD
   

















YDULRXV FRPPRQ NHUQHOVPHQWLRQHG DERYH 7KH FKRLFH RI 38. NHUQHO IRU 690 HQVXUHV WKDW 690ZLOO SHUIRUP
DFFXUDWHO\HYHQLIWKHNHUQHOIXQFWLRQFKRVHQLVQRWDSSURSULDWH7KHFKRLFHRINHUQHOSDUDPHWHUVIRU38.DOORZVLW
WRH[KLELWEHKDYLRURIOLQHDUKLJKHURUGHUSRO\QRPLDOVDVZHOODV*DXVVLDQNHUQHOV)XUWKHUPRUHWKH38.NHUQHO
. JLYHQ E\ (T  VDWLVILHV WKH FRQGLWLRQ RI EHLQJ V\PPHWULF NHUQHO PDWUL[ DQG SRVLWLYH VHPLGHILQLWH 7KH
SDUDPHWHUVȦDQGıFRQWUROWKH3HDUVRQZLGWKKDOIZLGWKDQGWKHWDLOLQJIDFWRURIWKHSHDNUHVSHFWLYHO\7KXVE\




4. Experimental Results 
:HHYDOXDWHWKHYDULRXVIHDWXUHVH[WUDFWHGDERYHIRUFODVVLILFDWLRQRISRSXODUJHQUHVYL](OHFWURQLF-D]]3RS
+LSKRS DQG5RFN IRU PXVLF VDPSOHV  VDPSOHVJHQUH IURP WKH IUHHO\ DYDLODEOH%HQFKPDUN GDWDEDVH
(DFKVDPSOHLVVHFRQGGXUDWLRQGUDZQIURPDUDQGRPSRVLWLRQRIWKHFRUUHVSRQGLQJVRQJHQFRGHGXVLQJPSDW
DVDPSOLQJUDWHRIN+]7KHGDWDVHWLVGLYLGHGLQWRWUDLQLQJDQGWHVWLQJVDPSOHV7KHFURVVYDOLGDWLRQ
LV SHUIRUPHG RQ WKH WUDLQLQJ VDPSOHV WR FKRRVH WKH RSWLPXPSDUDPHWHUV IRU 38.NHUQHO DQG DOO H[SHULPHQWV DUH
GRQH XVLQJ WKH UHGXFHG IHDWXUH VHW IURP7DEOH  )LJ  LOOXVWUDWHV WKH FODVVLILFDWLRQ DFFXUDF\  IRU LQGLYLGXDO
IHDWXUHVHWVPHQWLRQHG LQ6HFIRUJHQUHVZKHUHZHREVHUYH WKDW WKHRYHUDOOSHUIRUPDQFHDFKLHYHGE\ IHDWXUH
VHWVIROORZWKHWUHQG6SHFWUDO!5K\WKP!7RQDO!'\QDPLFV%HWWHUDFFXUDFLHVDUHREWDLQHGIRUKLSKRSJHQUHGXH
WRLWVGLVWLQFWEHDWSDWWHUQVDQGSRSJHQUHVXIIHUVSRRUSHUIRUPDQFHEHFDXVHLWLVRIWHQFRQIXVHGZLWKURFNJHQUH
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
)LJ&ODVVLILFDWLRQDFFXUDF\IRULQGLYLGXDOIHDWXUHVHWVYDOXHVLQ







RQ D GLIIHUHQW GDWDEDVH ZKHUH WKH FODVVLILFDWLRQ DFFXUDF\ ZDV UHSRUWHG WR EH  DQG  IRU  JHQUH
FODVVLILFDWLRQ WDVN 7DEOH  VKRZV WKH FRQIXVLRQ PDWULFHV ZLWK SUHFLVLRQ DQG UHFDOO YDOXHV REWDLQHG RQ  WHVW
VDPSOHV E\ FRQVLGHULQJ DOO IHDWXUHV DV ZHOO DV UHGXFHG IHDWXUH VHW 'XH WR GLPHQVLRQDOLW\ UHGXFWLRQ E\ &)6
WHFKQLTXH WKHRYHUDOO DFFXUDF\SUHFLVLRQDQG UHFDOOYDOXHVDUH VLJQLILFDQWO\ LQFUHDVHG8VLQJ$GD%RRVWERRVWLQJ
WHFKQLTXH ZLWK 690 FODVVLILHU WKH DFFXUDF\ LQFUHDVHG RQO\ PDUJLQDOO\ WR  )URP DOO WKH  JHQUHV PXVLF
VDPSOHV RI SRS VXIIHUVPRVW FRQIXVLRQ GXH WR XQFOHDUPHDQLQJ DQG GHILQLWLRQ RI WKH SRS JHQUHZKHUHDV KLSKRS
JHQUHRXWSHUIRUPVDOORWKHUJHQUHV VLQFH LW FRQWDLQVGLVWLQFW LQWHQVH UK\WKPLFEHDWVDQG UDSSLQJSDUWV$OVR38.
NHUQHO EDVHG690RXWSHUIRUPHGRWKHU FODVVLILHUV IRU WKHPXVLFJHQUH FODVVLILFDWLRQ WDVNXQGHU FRQVLGHUDWLRQ -




Feature Sets Accuracy No. features Feature Sets Accuracy No. features
6'    '56  
S + R 78.5 % 33  '76  
67    '57  
'5    R + T + S 80 37
'7      
57    D + R + T + S 82  39
7DEOH&RQIXVLRQPDWULFHVIRUDOOIHDWXUHVOHIWDQGUHGXFHGIHDWXUHVULJKW((OHFWURQLF--D]]33RS++LSKRS55RFN
 E J P H R Recall E J P H R Recall
E 23       E 32     
J  32      J  30    
P   15     P   30   
H    32    H    36  
R     28   R     36 
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5. Conclusions 
,Q WKLV ZRUN  VDPSOHV RI PXVLF JHQUH HOHFWURQLF MD]] SRS KLSKRS DQG URFNZHUH REWDLQHG IURP WKH
EHQFKPDUN GDWDEDVH DQG PXVLF IHDWXUHV ZHUH H[WUDFWHG IRU HDFK LQ  FDWHJRULHV G\QDPLF UK\WKP WRQDO DQG
VSHFWUDO 6LQFH QR VLQJOH IHDWXUH LV GLVFULPLQDWLYH HQRXJK IRU DFFXUDWH FODVVLILFDWLRQ RI PXOWLSOH JHQUHV YDULRXV
FRPELQDWLRQVZHUHH[SORUHG WRPD[LPL]H WKHDFFXUDF\'LPHQVLRQDOLW\UHGXFWLRQ WHFKQLTXHVXFKDV&)6SOD\VDQ
LPSRUWDQW UROH LQ UHPRYLQJ UHGXQGDQW IHDWXUHV DQG LPSURYLQJ WKH RYHUDOO DFFXUDF\ 7KH38.NHUQHO EDVHG690
FODVVLILHU RXWSHUIRUPHG RWKHU FODVVLILHU WHFKQLTXHV GXH WR LWV IOH[LELOLW\ WR DGDSW WR YDULRXV IXQFWLRQDOLWLHV IURP
OLQHDUWR*DXVVLDQGHSHQGLQJRQWKHLQSXWIHDWXUHGDWD7KHSURSRVHGPXVLFJHQUHFODVVLILFDWLRQV\VWHPLVFDSDEOH
RI FODVVLI\LQJ  JHQUHV ZLWK D PD[LPXP DFFXUDF\ RI  ZLWK IHDWXUHV PRVWO\ IURP WKH UK\WKP DQG VSHFWUDO
FDWHJRU\ )RU IXWXUH ZRUN JHQUH UHODWLRQV FDQ EH HQIRUFHG ZLWK PXOWLOHYHO KLHUDUFK\ VLQFH QRW DOO JHQUHV DUH
HTXLGLVWDQWLHJHQUHVGRQRWKDYHDIODWKLHUDUFK\)RUH[DPSOHVRIWURFNVRQJVDUHFORVHUWRSRSVRQJVWKDQKHDY\






 & /HH - 6KLK . <X DQG - 6X $XWRPDWLF0XVLF *HQUH &ODVVLILFDWLRQ 8VLQJ0RGXODWLRQ 6SHFWUDO &RQWUDVW )HDWXUH ,((( ,QWO &RQI
0XOWLPHGLDDQG([SRSS-XO




 7 /L02JLKDUD DQG4 /L $&RPSDUDWLYH 6WXG\ RQ&RQWHQW%DVHG0XVLF*HQUH &ODVVLILFDWLRQ$&06,*,5&RQI RQ5HVHDUFK DQG
'HYHORSPHQWLQ,QIRUPDWLRQ5HWULHYDOSS$XJ
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 2 /DUWLOORW DQG 3 7RLYLDLQHQ 0,5 LQ 0DWODE ,, $ 7RROER[ IRU 0XVLFDO )HDWXUH ([WUDFWLRQ IURP $XGLR ,QWO 6RFLHW\ IRU 0XVLF
,QIRUPDWLRQ5HWULHYDO&RQI,60,5SS±6HS
'0F(QQLV&0F.D\ ,)XMLQDJD DQG3'HSDOOH M$XGLR$)HDWXUH([WUDFWLRQ/LEUDU\ ,QWO6RFLHW\ IRU0XVLF ,QIRUPDWLRQ5HWULHYDO
&RQI,60,5SS6HS
(3DPSDON$0$7/$%7RROER[WR&RPSXWH6LPLODULW\IURP$XGLR,QWO6RFLHW\IRU0XVLF,QIRUPDWLRQ5HWULHYDO&RQI,60,5SS
2FW
